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5 INTERCONNECT SCHEME FOR INTEGRATED CIRCUITS 

TECHNICAL FIELD 

10 The present invention relates generally to multilevel interconnects employed in 

semiconductor technology, and, more particularly, to simplifying the fabrication of 
multilayer interconnects for sub-half micrometer semiconductor devices. 

BACKGROUND ART 

15 

To accommodate higher packing density in present integrated circuits, metal 
connection to integrated circuit devices formed in a semiconductor substrate are made 
by multilayer interconnects. Each level of multilayer interconnects is supported over 
the semiconductor substrate by an interlevd dielectric. To make electrical connection 

20 between different levels, contacts in the form of metal plugs are interposed between 
these different levels. 

For sub-micrometer devices tungsten plugs have been widely used in industry 
as contacts to form interconnection between different levels. Typically, the tungsten 
plugs are formed in the interievel dielectric by employing a damascene metallization 

25 process. By "damascene" is meant a process in which trenches or contact/via openings 
are formed and then filled with metal using CVD (chemical vapor deposition), PVD 
(physical vapor deposition), or other techniques, followed by a polish or etchback to 
remove any overfilled areas. The term is based on a process developed by goldsmiths 
in ancient Damascus, comprising crafting a pattern or design on a hard surface and 

30 then hammering fine gold wires onto the designed pattern. 

The formation of a tungsten plug is accomplished by first depositing an oxide 
which forms the interlevel dielectric The oxide is sequentially patterned and etched to 
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form comact/via openings in the interievel dielectric. These contact/via openings are 
filled by blanket tungsten deposition. (Prior to blanket tungsten deposition, a barrier 
layer comprising TiN or a Ti/TiN stack may be deposited on the interievel dielectric.) 
The metal on top of the interievel dielectric is removed by plasma etchback or chemical 
mechanical polish (CMP), thus forming the metal plug. In this manner, contact may be 
formed with previously-doped regions in the semiconductor substrate, polysilicon, or 
other metal layers. 

As such, the multilayer interconnect structure comprises multiple levels of pat- 
terned metal lines or interconnects with connection between the different levels of in- 
terconnects being formed with contacts, Le., metal plugs. In contemporary technology, 
the contacts are fabricated using tungsten and the interconnect lines are fabricated us- 
ing aluminum. The use of tungsten for the contact (or metal plug) necessitates an intri- 
cate manufacturing process; one process is utilized for the tungsten deposition and 
subsequent etch and one process is utilized for the aluminum deposition and subse- 
quent etch. 

What is needed is a simplified processing sequence in which no specific process 
module is needed for contact layers. 

DISCLOSURE OF INVENTION 

In accordance with the invention, a novel interconnect layout method and 
metallization scheme is provided that simplifies the process of fabricating multilayer 
interconnects structures. 

The process for forming multilayer interconnects for connecting conductive 
regions s-jparated by insulating regions supported on a semiconductor substrate com- 
prises: 

(a) forming a planar structure over the semiconductor substrare. the 
planar structure having a top surface and comprising a patterned metal layer embedded 
in a dielectric, thereby forming metal regions and dielectric regions, the patterned metal 
layer comprising either a single conductor layer or the single conductor layer and a 
substantially thinner barrier layer; 
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(b) ptanarizing the top surface by etching or polishing, thereby exposing 
the patterned metal layer and the dielectric at the top surface of the planar structure, 
and 

(c) repealing steps (a) and (b) at least once, thereby forming a plurality 
5 of planar structures stacked one on top of another over the semiconductor substrate 

Each planar structure has the top surface and a bottom surface and has at least one 
adjacent planar structure contacting the top surface, the bottom surface, or both. The 
process thereby enables electrical contact to be formed between selected metal regions 
in the adjacent planar structures so as to form patterned metal interconnects which 

10 form electrical connection along paths perpendicular to the substrate and electrical 
connection on paths parallel to the substrate. 

The process of the present invention provides a multilevel interconnect struc- 
ture formed solely from patterned metal layers stacked on top of each other. Both in- 
terconnect lines which form electrical connections along horizontal paths, as well as 

IS contacts which form electrical connections along vertical paths, can be formed using 
patterned metal interconnects as building-blocks. No specific process module is needed 
for contact layers. The use of patterned metal layers formed from the same process 
modules makes both design and construction of multilayer interconnects simpler. Ac- 
cordingly, the rnanufacturing process is simplified, thus resulting in lower cost. To 

20 form thicker metal layers for the purpose of constructing thick interconnect lines, two 
or more patterned metal layers may be stacked on each other. In this manner, vertical 
low ohmic bussing is made possible. 

Other objects, features, and advantages of the present invention will become 
apparent upon consideration of the following detailed description and accompanying 

25 drawings, in which like reference designations represent like features throughout the 
Figures 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 The drawings referred to in this description should be understood as not being 

drawn to scale except if specifically noted. Moreover, the drawings are intended to il- 
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lustraic only one portion of an integrated circuit fabricated in accordance with the pre- 
sent invention. 

FIG. 1 is a cross-sectional view depicting a multilayer interconnect structure 
employed in the prior art; 
5 FIG. 2 is a cross-sectional view depicting a multilayer interconnect structure 

formed by the process of the present invention which is functionally analogous to the 
multilayer interconnect structure shown in FIG. I; and 

FIG. 3 is a cross-sectional view depicting an additional multilayer interconnect 
structure formed by the process of the present invention. 

10 

BEST MODES FOR CARRYING OUT THE INVENTION 

Reference is now made in detail to a specific embodiment of the present inven- 
tion, which illustrates the best mode presently contemplated by the inventor for practic- 

15 ing the invention. Alternative embodiments are also briefly described as applicable. 

FIG. 1 provides a cross-sectional view of the present prior art approach to 
contact/interconnect metallization, employing two layers. This approach has been dis- 
closed and claimed in a series of U.S. patents issued to Jacob D. Haske ll and assigned 
to the same assignee as the present invention. The patents include U.S. Patents 

20 4,974,055; 4,977.108; 5,028,555; 5,055,427; 5,057,902; and 5,081,516. 

Essentially, a plurality of conductive regions or doped regions 10 are formed in 
a semiconductor substrate 12, such as silicon. A field oxide (i.e., an insulating region) 
14 separates the doped regions 10 from each other. A first planarized interlevel dielec- 
tric 16 surrounds first metal plugs 18 comprising tungsten, which contact the doped 

25 regions 10. The first metal plugs 18 are formed in first contact/via openings 20 in the 
first interlevel dielectric 16. First metal interconnects 22 electrically contact the first 
metal plugs 18 in a predetermined pattern. 

A second planarized interlevel dielectric layer 24 surrounds the first metal in- 
terconnects 22. The second planarized interlevel dielectric 24 also surrounds second 

30 metal plugs 26, also comprising tungsten. The second metal plugs 26 are formed in 
second contact/via openings 28 in the second interlevel dielectric 24 On top of the 
second interlevel dielectric layer 24 are formed second metal interconnects 30 The 
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second metal plugs 26 form electrical connection between the first metal interconnects 
22 and the second metal interconnects 30. The first metal plugs 18 and the second 
metal plugs 26, in this case, comprise tungsten; however, the metal plugs may com- 
prise other metals such as aluminum. As described above, a barrier layer comprising Ti 
or a TLTiN stack (not shown) may be formed in the first contact/via openings 20 or 
the second contact/via openings 28 prior to the formation of the first metal plugs 18 
and the second metal plugs 26, respectively. 

FIG. 2 depicts a functionally analogous structure to that shown in FIG. I, how- 
ever, the multilayer interconnect structure shown in FIG. 2 is formed with the novel 
interconnect layout method and metallization scheme of the present invention. 

As described above, the prior art multilayer interconnect structure shown in 
FIG. 1 comprises multiple levels of patterned metal lines (the first metal interconnects 
22 and the second metal interconnects 30) with connection between the different levels 
being formed with contacts or metal plugs (the first metal plugs 18 and the second 
1 5 metal plugs 26). 

In contrast, the process of the present invention provides a multilevel intercon- 
nect structure formed solely from patterned metal layers stacked on top of each other. 
The patterned metal layers serve as both the patterned metal lines and building-blocks 
for forming contacts. 

As such, the first metal plugs IS and the second metal plugs 26 -comprising 
tungsten, which are shown in FIG. I, are in effect replaced by stacks of patterned 
metal layers. The patterned metal lines, similar to the first metal interconnects 22 and 
the second metal interconnects 30 shown in FIG. I, are also formed from pattern metal 
layers. 

25 FIG. 2 shows an initial patterned metal layer or firs: patterned metal layer 32 

formed on the plurality of doped regions 10 in the semiconductor substrate 12 which 
reside between the field oxide 14. The first patterned metal layer 32 is surrounded by a 
first silicon oxide layer (i.e., an initial layer of dielectric) 34. The first silicon oxide 
layer 34 may be formed on a first silicon nitride etch stop layer (not shown).* In theory, 

30 an etch stop layer is not required, however, in practice an etch stop layer is needed. 

Patterned metal layers, i.e., additional patterned metal layers 36 are formed on 
the first patterned metal layer 32 The additional patterned metal layers 36 are likewise 
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surrounded by additional silicon oxide layers (i.e., a layer of dielectric) 38 formed on 
silicon nitride etch stop layers (i.e., an etch stop) 40. The first patterned metal layer 32 
comprises tungsten, while the additional patterned metal layers 36 comprise aluminum. 

Accordingly, in the multilayer interconnect structure shown in FIG. 2, the first 
metal plugs 18 which are shown in FIG. 1. are in efTect replaced by the first patterned 
metal layer 32 and additional patterned metal layer 36a. The second metal plugs 26 
shown in FIG. 1, are in effect replaced by additional patterned metal layer 36c and 
additional patterned metal layer 36d The first metal interconnect 22 and the second 
metal imerconnects 30 shown in FIG. 1 are in effect replaced by additional patterned 
metal layer 36b and additional patterned metal layer 36e. 

To achieve the same functionality as the multilayer interconnect structure 
shown in FIG. 1 using the process of the invention, the required number of layers is at 
least four (two contact/via layers and two imerconnect layers), in which case, each 
contact/via layer is changed into one patterned metal layer and each interconnect layer 
is changed into one patterned metal layer. In the multilayer interconnect structure of 
the present invention shown in FIG. 2, each contact/via layer is changed into two pat- 
terned metal layer and each interconnect layer is changed into one patterned metal 
layer, thus six layers are employed. 

Refer now to FIG. 3 where a second multilayer interconnect structure formed 
by the process of the present invention is shown. A six-layer metal interconnect struc- 
ture is presented as an illustration of the method of the present invention. However, it 
will be readily appreciated that the method of the invention is applicable to any number 
of metal layers as required in the device. 

One embodiment of the process of the invention now follows: 
Semiconductor wafers, comprising the semiconductor substrate 12 and devices 
(not shown) formed therein are processed by conventional process technology, includ- 
ing the formation of doped regions 10 which are employed in integrated circuit de- 
vices. Such processing is conventional and forms no pan of this invention. 

FIG. 3 shows a region of the semiconductor substrate 12 where doped regions 10 
have been formed and reside between the 6eld oxide 14 While only a portion of the semi- 
conductor substrate 12 with three doped regions 10 is shown, it will be readily apparent to 
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(hose skilled in this art that in fad a plurality of such doped regions are formed to which 
dectrical connection is made. 

In accordance with the invention, a first patterned metal layer 32 is formed on the 
doped regions 10. In the preferred embodiment of the present invention, the patterned 
S metal layers are formed by employing a damascene metallization process as damascene 
metallization is the easiest to implement. Accordingly, a first silicon oxide layer 34 is 
deposited. The first silicon oxide layer 34 may be formed on a first silicon nitride etch 
stop layer (not shown). As discussed above, an etch top layer is not required in theory, 
however, in practice, an etch stop layer is needed. A predetermined pattern is etched 

1 0 into the first silicon oxide layer 34. 

A layer of metal (not shown), in this case, tungsten, is blanket-deposited. If the 
layer of metal blanket-deposited is tungsten, as is the case here, use of a barrier layer 
(not shown) comprising TiN or a Ti/TtN stack is not optional but rather is needed 
since tungsten does not stick to oxide. If the layer of metal blanket-deposited is alumi- 

15 num. a barrier layer is needed to enhance the aluminum fill. The metal is polished or 
etched down to the first silicon oxide layer 34 forming the first patterned metal layer 
32. The goal is to achieve a planar surface on the first patterned metal layer 32 which is 
flush with the surrounding first silicon oxide layer 34. 

Silicon nitride etch stop layer 40a is deposited on the planar surface followed 

20 by the deposition of additional silicon oxide layer 38a. Silicon oxy-mtriae, aluminum 
oxide, or boron nitride as weO as other nitrides or oxy-nitrides can also be used as an 
etch stop, but silicon nitride is preferred. This etch stop layer 40a, however, is op- 
tional. Additional silicon oxide layer 38a and silicon nitride etch stop layer 40a are 
patterned and etched. A layer of metal (not shown), in this case, aluminum, is blanket- 

25 deposited. The layer of metal may be formed on a barrier layer (not shown) comprising 
TiN or a Ti/TiN stack. As discussed above, if the layer of metal blanket-deposited is 
aluminum, as is the case here, a barrier layer is needed to enhance the aluminum fill. 
The metal is polished or etched down to the additional silicon oxide layer 38a forming 
the additional patterned metal layer 36a. As before, the goal is to achieve 1 planar sur- 

30 face on the additional patterned metal layer 36a which is flush with the surrounding 
additional silicon oxide layer 38a. 
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The identical process is repeated to form additional patterned metal layers 36b- 
e and the corresponding dielectrics used for isolation, i.e.. additional silicon oxide lay- 
ers 38b~e and the silicon nitride etch stop layers 40b-c. 

In this case, each patterned metal layer, (i.e., the first patterned metal layer 32 
as well as the additional patterned metal layers 36) and the surrounding dielectric used 
for isolation, (which in this case comprises the additional silicon oxide layer 38 plus the 
silicon nitride etch stop layer 40) has the same thickness. In particular, the target 
metal/isolation thickness is 0.7 urn. In practice, identical thickness is not necessary. At 
higher levels the patterned metal layers may be thicker. 

Also, in this case, each additional patterned metal layer 36 is formed by the 
same process. No specific process module is needed for contart layers Accordingly, 
the manufacturing process is simplified thus resulting in lower cost. 

Nevertheless, any number of additional levels comprising additional patterned 
metal layers 36, and the corresponding dielectric used for isolation, can be formed by 
repeating a portion of the steps outlined above. In particular, the steps required to 
form additional patterned metal layers and the corresponding dielectric used for isola- 
tion involve depositing, patterning, and etching the silicon nitride etch stop layer 40 
(optional) and additional silicon oxide layer 38, blanket-depositing a layer of metal, 
preferably aluminum, and polishing or etching the metal down to the additional silicon 
oxide layer 38 to form the additional patterned metal layer 36. With the novel metalli- 
zation scheme of the present invention, the processing is truly modular, i.e., processing 
steps will be essentially the same from one level of metallization to another. 

In the preferred embodiment of the present invention, a damascene metalliza- 
tion process using an etch stop is employed and polishing is used as a means for re- 
moving the layer of metal blanket-deposited onto the oxide. Accordingly, no aluminum 
plasma etch is required. 

Preferred dielectrics for isolation include silicon oxide, with silicon nitride used 
as an etch stop. Other oxides and nitrides may be used as well. Oxides are usable re- 
gardless of the deposition technique. Nitride and silicon oxy-nitride are less useful, as 
30 the dielectric constant of these dielectrics is high. Xerogels consist mainly of porous 
silicon oxide. Xerogds are favored because of their low dielectric constant and be- 



20 
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cause they can be etched or polished well. Xerogels may be used instead of crystalline 
oxide and boron nitride may be used instead of nitride. 

Tungsten and aluminum are preferred for use in forming the first patterned 
metal layer 32 and the additional patterned metal layers 36, respectively. The additional 
5 patterned metal layers 36, however, may comprise aluminum alloys or copper. Copper 
is difficult to etch, but easy to polish. 

As discussed above, barrier layers comprising barrier metals such as Ti and TiN 
may be used in the process of the present invention. If the layer of metal to be blanket- 
deposited is aluminum, a barrier layer is needed to enhance the aluminum fill in the 
10 formation of the patterned metal layers. Resistance to dectrornigration, however, may 
be better when no barrier metals are employed. As such, the use of a barrier metals 
may not be preferred. 

It will be appreciated that many variations of films and materials are possible. 
The multilayer interconnect structure of the present invention may also be con- 
IS struct ed by employing an alternative process. In another embodiment of the process of 
the present invention, the multilayer interconnect structure is formed by depositing a 
layer of metal, patterning and etching the layer of metal to form at least one opening 
therein, blanket-depositing a layer of dielectric over the layer of metal filling the open- 
ing, polishing or etching the layer of dielectric at least down to the layer of metal to 
20 remove the dielectric outside the opening, thereby forming a patterned metal layer em- 
bedded in the dielectric. This process can be repeated at least once to form multiple 
layers of patterned metal interconnects. As such, the process is truly modular since the 
processing steps will be essentially the same from one level to another. 

In accordance with the invention, the use of patterned metal layers which may 
25 be formed from tfrc same process modules and which may have essentially the same 
thickness for each level, makes both design and construction of multilayer intercon- 
nects simpler. As discussed above, identical thickness is not necessary. At higher levels 
the patterned metal layers may be thicker. 

The multilayer interconnect structure shown in FIG. 3 demonstrates the design 
30 flexibility enabled by the interconnect layout method of the present invention. Although 
the thickness of each patterned metal layer shown in FIG. 3 is essentially the same, the 
width and length (not shown) vary. In particular, assuming the limits of current manu- 
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facturing technology, the width may range from a minimum of 0.375 urn to a maxi- 
mum of 4 jim, while the minimum spacing is 0.375 um. 

Accordingly, the aspect ratio of the patterned metal layers, i.e.. the ratio of 
height to width, will be less than 2. Jn contrast, as device geometry gets smaller (50.35 
5 urn) contact/via aspect ratios (the ratio of height to diameter) and hence the aspect ra- 
tio of the tungsten plugs becomes higher (close to 2.0 or higher). The difficulties asso- 
ciated with the manufacture of metal plugs in contact/vias with high aspect ratio are 
well-known. 

The width and length of the patterned metal layers may be varied by the de- 
10 signer. Varying the width and length of the patterned metal layers enables interconnect 
lines as weU as contacts to be created and allows the designer freedom to assemble 
various structures. With the process of the present invention, both interconnect lines 
which form electrical connections along horizontal paths, as well as contacts which 
form electrical connections along vertical paths, can be formed using patterned metal 
15 interconnects as building-blocks. 

To form thicker metal layers for the purpose of constructing contacts (i.e.. 
metal plugs) or thick interconnect lines, two or more patterned metal layers may be 
stacked on each other. For instance, vertical low ohmic bussing is made possible with a 
vertical power bus 42 (shown in the upper left corner of FIG. 3) which is formed from 
20 four patterned metal layers (additional patterned metal layers 36b-e).<For the first pat- 
terned metal layer 32 comprising tungsten, the resistivity is about 0.2 O/D, while for 
the additional patterned metal layers 36 comprising aluminum, the resistivity is about 
0.05 O/CI. Thicker metal layers can be formed by assembling patterned metal layers 
thus increasing conductance. 
25 Isolation (both horizontal and vertical isolation) between patterned meul layers 

is provided by the dielectric surrounding the patterned metal layers. An example of 
vertical isolation is shown in region 44 of FIG. 3. Here, an interconnect formed from 
the first patterned metal layer 32 and an interconnect formed from additional patterned 
metal layer 36b are isolated by not forming a patterned metal layer between the two 
30 interconnects. In place of metal, the oxide and nitride of additional silicon oxide layer 
38a and silicon nitride etch stop layer 40a serve to isolate the two interconnects in this 
region. 
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The process of the invention, also enables borderless contacts to be formed 
between patterned metal layers of separate levels. The width and/or length of the pat- 
terned metal layers can be matched such that there is no overlapping metal when con- 
tact is formed therebetween. 
5 Additionally, the process of the present invention is compatible with existing 

tooling in the factory wherein new hardware is not required, translating to low-cost as 
well as highly manufacturable technology. The process of the present invention is fully 
compatible with steppers using global alignment which is particularly well suited to use 
of the oxide and nitrides which are transparent and have minima] reflectance. Convcn- 
10 tional layout tools, (e.g., design rule checkers and extraction tools, etc.) can be used 
for design. Further, the process of the present invention will be compatible with 
shrinking older designs. 

Finally, because all layers are planar, lithography is easier. 
The multilayer interconnect structure of the present invention may be con- 
1 5 struct cd by employing yet another alternative process which closely resembles the con- 
ventional process for forming multilayer interconnect structures, however, many of the 
above-listed process advantages are not applicable to this process. In this alternative 
embodiment, the multilayer interconnect structure is formed using the conventional 
process for forming multilayer interconnect structures such as shown in FIG. 1 except 
20 that the first metal plugs 18 as well as the second metal plugs 26, , both comprising 
tungsten, are each replaced by a patterned metal layer which may simultaneously form 
(1) electrical connection along paths parallel to the substrate as well as (2) electrical 
connection along paths perpendicular to the substrate. Accordingly, tungsten metalli- 
zation, which is conventionally employed in the formation of tungsten plugs at the 
25 contact/via level, instead is used as patterned metallization for interconnection (Lc, 
wiring) on this level In this process, the multilayer interconnect structure is formed by 
depositing a first metal layer, patterning and etching the first metal layer to form at 
least one opening therein, blanket-depositing a layer of dielectric over the first metal 
layer filling the opening therein, patterning and etching at least one opening in the di- 
30 electric layer down to the first metal layer, forming a second metal layer over the layer 
of dielectric filling the opening therein, polishing or etching the second metal layer at 
least down to the layer of dielectric to remove metal outside the opening in the layer of 
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dielectric. The opening and/or openings in the layer of dielectric, filled with the second 
metal layer, may form electrical connection along paths parallel to the substrate and/or 
electrical connection along paths perpendicular to the substrate. This process can be 
repeated to form additional layers of patterned metal interconnects. As discussed 
above, many of the above-mentioned process advantages are foregone, nevertheless, it 
is possible to construct the multilayer interconnect structure of the present invention 
using this process as well. 



INDUSTRIAL APPLICABILITY 

10 

The process of the invention for forming multilayer interconnects is expected to 
find use in the fabrication of silicon-based devices and devices comprising compound 
semiconductors and may be applied to MOS and bipolar technologies. 

15 The foregoing description of the preferred embodiment of the present invention 

has been presented for purposes ©frustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Obviously, many 
modifications and variations will be apparent to practitioners skilled in this art. Many 
variations of films and materials are possible. It is possible that the invention may be 

20 practiced in other fcbrication technologies in MOS or bipolar processes. It is also possible 
that the invention may be practiced in other fcbrication technologies used for compound 
semiconductors. Similarly, any process steps described might be interchangeable with 
other steps in order to achieve the same result. The embodiment was chosen and de- 
scribed in order to best explain the prindpies of the invention and its practical applica- 

25 tion, thereby enabling others skilled in the art to understand the invention for various 
embodiments and with various modifications as are suited to the particular use con- 
templated. It is intended that the scope of the invention be defined by the claims ap- 
pended hereto and their equivalents. 
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CLAIMS 

What Is Claimed Is: 

1. A process for forming multilayer interconnects for connecting conductive 
5 regions to conductive regions separated by insulating regions supported on a semicon- 
ductor substrate comprising: 

(a) forming a planar structure over said semiconductor substrate, said 
planar structure having a top surface and comprising a patterned metal layer embedded 
in a dielectric, thereby forming metal regions and dielectric regions, said patterned 

10 metal layer comprising either a single conductor layer or said single conductor layer 
and a substantially thinner barrier layer; 

(b) planahzing said top surface by etching or polishing, thereby expos- 
ing said patterned metal layer and said dielectric at said top surface of said planar 
structure; and 

IS (c) repeating steps (a) and (b) at least once, thereby forming a plurality 

of planar structures stacked one on top of another over said semiconductor substrate, 
each planar structure having said top surface and a bottom surface and having at least 
one adjacent planar structure contacting said top surface, said bottom surface, or both, 
said process thereby enabling electrical contact to be formed between selected metal 

20 regions in said adjacent planar structures so as to form patterned metal interconnects 
which form electrical connection along paths perpendicular to said semiconductor 
substrate and electrical connection on paths parallel to said semiconductor substrate. 

2. The process of Claim I wherein said plurality of planar structures are formed 
25 on an initial patterned metal layer contacting at least one of said conductive regions in 

said semiconductor substrate, said initial patterned metal layer embedded in said insu- 
lating regions phis an initial layer of dielectric, at least one of said metal regions in said 
plurality of planar structures forming electrical contact with said initial patterned metal 
layer. 

30 

3. The process of Claim 1 wherein said substantially thinner barrier layer com- 
prises a refractory metal 



SUBSTITUTE SHEET (RULE 26) 



WO 97/1 1488 



PCI7US96/1393I 



14 



4. The process of Claim I wherein each of said planar structures simultaneously 
forms electrical connection along paths perpendicular to said semiconductor substrate 
and electrical connection along paths parallel to said semiconductor substrate. 

5. The process of Claim 1 wherein said single conductor layer comprise metal 
selected from the group consisting of essentially of aluminum, aluminum alloy, tung- 
sten, and copper. 



10 6. The process of Claim 1 wherein said dielectric is selected from the group 

consisting of oxides, nitrides, and oxy-ni Hides. 

7. The process of Claim 6 wherein said dielectric is selected from the group 
consisting of silicon oxide, silicon nitride, silicon oxy-nitride, aluminum oxide, and bo- 

15 ran nitride. 

8. The process of Claim 1 wherein the cross-section of each of said metal re- 
gions has a ratio of height to width not greater than about 2. 

20 9. The process of Claim 1 wherein the thickness of each of said patterned metal 

layers in each of said planar structures is essentially the same. 



10. The process of Claim 1 comprising: 

(a) forming a layer of said dielectric over said semiconductor substrate, 
25 (b) patterning and etching said insulating layer to form at least one 

opening therein; 

(c) forming a layer of a metal over said layer of said dielectric filling 

said opening; 

(d) polishing or etching said layer of said metal at least dowtr to said in- 
30 sulating layer to remove said metal outside said opening, thereby forming said pat- 
terned metal layer embedded in said dielectric; and 
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(c) repeating steps (a) through (d) at least once thereby forming said 
patterned metal interconnects. 

11. The process of Claim 10 wherein an etch stop layer is formed prior to 
5 formation of at least one of said layers of said dielectric. 

12. The process of Claim 10 wherein a barrier metal is deposited in said open- 
ing of at least one said layers of said dielectric to form said substantially thinner barrier 
layer. 

10 

13. The process of Claim 1 comprising: 

(a) depositing a layer of metal to form said single conductor layer; 

(b) patterning and etching said single conductor layer to form at least 
one opening therein; 

15 (c) blanket-depositing a layer of said dielectric over said single conduc- 

tor layer filling said opening; 

(d) polishing or etching said layer of said dielectric at least down to said 
single conductor layer to remove said dielectric outside said opening, thereby forming 
said patterned metal layer embedded in said dielectric; and 

20 (e) repeating steps (a) through (d) at least once thereby forming said 

patterned metal interconnects. 

14. The process of Claim 13 wherein an etch stop layer is formed prior to for- 
mation of at least one of said layers of said dielectric. 

25 

15. The process of Claim 13 wherein a barrier metal is deposited prior to de- 
positing said layer of metal in the formation of at least one said patterned metal layers 
to form said substantially thinner barrier layer. 

30 16. A process for forming multilayer interconnects for connecting conductive 

regions to conductive regions separated by insulating regions supported on a semicon- 
ductor substrate comprising: 
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(a) depositing a first metal layer to form a first conductor layer; 

(b) patterning and etching said first conductor layer to form at least one 
opening therein; 

(c) blanket-depositing a layer of dielectric over said first conductor 
5 layer filling said opening in said first conductor layer, 

(d) patterning and etching at least one opening in said layer of dielectric 
down to said first conductor layer, 

(e) forming a second metal layer over said layer of dielectric filling said 
opening therein to form a second conductive layer, 

10 (0 polishing or etching said second metal layer at least down to said 

layer of dielectric to remove metal outside said opening in said layer of dielectric, 
thereby forming a planar structure over said semiconductor substrate, said planar 
structure having a top surface and including two patterned metal layers, said first pat- 
terned metal layer comprising either said first conductor layer or said first conductor 

15 layer and a first substantially thinner barrier layer, said second patterned metal layer 
comprising either said second conductor layer or said second conductor layer and a 
second substantially thinner barrier layer, said two patterned metal layers embedded in 
said layer of dielectric, thereby forming metal regions including portions of said first 
metal layer and said second metal layer and dielectric regions, said second patterned 

20 metal layer and said layer of dielectric exposed at said top surface of said planar struc- 
ture; 

(e) repeating steps (a) through (0 at least once, thereby forming a plu- 
rality of planar structures stacked one on top of another over said semiconductor sub- 
strate, each planar structure having said top surface and a bottom surface and having at 

25 least one a dja ce nt planar structure contacting said top surface, said bottom surface, or 
both, said process thereby enabling electrical contact to be formed between selected 
metal regions in said adjacent planar structures so as to form patterned metal intercon- 
nects which form electrical connection along paths perpendicular to said semiconduc- 
tor substrate and electrical connection on paths parallel to said senucoriductor sub- 

30 strate, at least one of said first patterned metal layers and at least one of said second 
patterned metal layers simultaneously forming electrical connection along paths per- 
pendicular to said semiconductor substrate and electrical connection along paths paral- 
lel to said semiconductor substrate 
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17. A multilayer interconnect structure for connecting conductive regions to 
conductive regions separated by insulating regions supported on a semiconductor sub- 
strate comprising a plurality of planar structures stacked one on top of another over 

5 said semiconductor substrate, each planar structure having a top surface and a bottom 
surface and having at least one adjacent planar structure contacting said top surface, 
said bottom surface, or both, and each planar structure comprising a patterned metal 
layer comprising either a single conductor layer or said single conductor layer and a 
substantially thinner barrier layer, said patterned metal layer embedded in a dielectric, 

10 thereby forming metal regions and dielectric regions, said patterned metal layer ex- 
posed at both said top surface and said bottom surface of said planar structures, 
thereby enabling electrical contact to be formed between selected metal regions in said 
adjacent planar structures so as to form electrical connection along paths perpendicular 
to said semiconductor substrate and electrical connection on paths parallel to said 

15 semiconductor substrate. 

18. The multilayer interconnect structure of Claim 17 wherein said plurality of 
planar structures are formed on an initial patterned metal layer contacting at least one 
of said conducting regions in said semiconductor substrate, said initial patterned metal 

20 layer embedded in said insulating regions plus an initial layer of said dielectric, at least 
one of said metal regions in said plurality of planar structures forming electrical contact 
with said initial patterned metal layer. 

19. The multilayer interconnect structure of Claim 17 wherein said substantially 
25 thinner barrier layer comprises a refractory metal. 

20. The multilayer interconnect structure of Claim 17 wherein each said planar 
structures simultaneously forms electrical connection along paths perpendicular to said 
semiconductor substrate and electrical connection along paths parallel to saTd semi con - 

30 ductor substrate. 



21. The multilayer interconnect structure of Claim 17 wherein the cross-section 
of each of said metal regions has a ratio of height to width not greater than about 2 

SUBSTITUTE SHEET (RULE 26) 



WO 97/11488 



PCT/US96/ 13931 



18 

22. The multilayer interconnect structure of Claim 17 wherein the thickness of 
each of said patterned metal layers in each of said planar structures is essentially the 
same. 

5 
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